Background/Aims: To assess health-related quality of life (HRQoL), treatment patterns, and clinical outcomes of adult (≥18 years) patients with advanced (unresectable or metastatic) pancreatic neuroendocrine neoplasms (PanNENs) treated with everolimus in routine clinical practice. Methods: In a prospective, non-interventional, multi-center study patients administered at least one 10 mg dose of everolimus were evaluated for change in HRQoL (EORTC QLQ-C30 Global Health Status scale) from baseline after 6 months treatment (primary endpoint). Secondary endpoints included disease-specific HRQoL measures (EORTC QLQ-G.I.NET21), clinical outcomes, everolimus treatment patterns, and safety. Results: Forty-eight patients were recruited (between August 2013 and March 2015); the median treatment duration was 27.8 months. EORTC QLQ-C30 Global Health score was not significantly different from baseline after 6 months of treatment (mean difference -1.9 points, p = 0.660, n = 30). In pairwise analyses, the only significant changes in HRQoL from baseline were for EORTC QLQ-C30 physical functioning score at month 3 (adjusted mean difference -8.8 points, p = 0.002, n = 36) and the EORTC QLQ-G.I.NET21 disease-related worries scores at months 1 and 2 (adjusted mean differences: -11.5 points [p = 0.001, n = 44] and -8.8 points [p = 0.017, n = 43], respectively). Disease progression or death was recorded in 44.4% (n = 20/45) patients during follow-up; median progression-free survival was 25.1 months and the cumulative survival rate at 3 years was 71%. No new safety signals were detected. Conclusions: The OBLIQUE study demonstrates that HRQoL is maintained in patients with PanNENs during treatment with everolimus in a UK realworld setting. This study adds to the limited HRQoL data available in this patient group.
Introduction
Pancreatic neuroendocrine neoplasms (PanNENs) comprise less than 10% of all neuroendocrine neoplasms (NENs); their annual incidence is estimated to be 0.1-0.2 per 100,000 population with peak occurrence between ages 40 and 60 years [1, 2] .
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Although PanNENs are sometimes considered to be indolent, patients with unresectable or metastatic tumors have a lethal disease, and all PanNENs, with the exception of 90% of insulinomas, have long-term metastatic potential. Morbidity can arise both from secreted hormones and tumor bulk [3] . The grading and staging of PanNENs follows the World Health Organization (WHO 2010 and the more recent WHO 2017), European Neuroendocrine Tumor Society and American Joint Committee on Cancer/ Union for International Cancer control staging systems [4] [5] [6] .
Effective drug treatment options for advanced PanNENs have historically been limited. The recent approval of sunitinib and everolimus in the UK has helped to fulfil unmet treatment needs. Recent 2017 NICE (UK National Institute for Health and Care Excellence) guidelines recommend everolimus and sunitinib as options for treating well-or moderately-differentiated unresectable or metastatic PanNENs in adults with progressive disease [7] . Sunitinib is a vascular endothelial growth factor inhibitor [8] , and everolimus is the first mammalian target of rapamycin inhibitor available for the treatment of this disease [9] .
Although survival rates have improved for patients with metastatic PanNENs, advanced NENs in general are still associated with a substantial health-related quality of life (HRQoL) burden, resulting from both the disease itself and treatment-related adverse events (AEs) [10] . Despite this, there is a paucity of HRQoL studies [11, 12] , and the translation of HRQoL findings into clinical practice is hampered by the use of multiple HRQoL assessment tools, the use of only generic HRQoL tools in some studies, and a lack of comparative data between treatments [12] . As a result, recommendations have been made that future studies include both a generic HRQoL survey and a NEN-specific survey [12] . Currently, no real-world studies of HRQoL in patients with NENs have been reported in the UK.
The purpose of this prospective, non-interventional UK study was to assess HRQoL, treatment patterns, and clinical outcomes of patients with advanced PanNENs receiving oral treatment with everolimus in routine clinical practice.
Patients and Methods

Study Design and Patients
This was a prospective, non-interventional, and multi-center, post-marketing (phase IV) study of adult patients with advanced progressive PanNENs receiving oral treatment with everolimus 10 mg o.d. in routine clinical practice. There were no imposed diagnostic or therapeutic interventions on patients. This study was approved by the south central Southampton research Ethics Committee, reference number 13/SC/0121. Patients were recruited from 14 centers in the UK (13 in England and 1 in Scotland) between August 2, 2013 and March 3, 2015. The participating centers were selected according to the following criteria: recognized European Neuroendocrine Tumor Society Centers of Excellence, expected availability of sufficient study participants, NEN expert multidisciplinary team. Patients were enrolled into the study after providing written informed consent, and when all study eligibility criteria had been confirmed: aged ≥18 years with a diagnosis of advanced (unresectable or metastatic, confirmed histologically); well-differentiated and/or grade 1/2 PanNENs with radiologically documented progressive disease, and a decision made to start once-daily treatment with 10 mg everolimus. Patients were excluded from the study if their medical history contraindicated a recommendation for everolimus treatment [13] .
All screening evaluations were performed within one month prior to everolimus initiation, according to normal clinical practice, and patients were assessed as being suitable to start treatment with everolimus prior to study entry. The baseline period was up to 1 month before the start of treatment, during which time the necessary administrative steps (unrelated to this study) were taken to enable patients to start everolimus treatment. Patients continued to receive everolimus until a clinical decision was made to stop therapy. Patients were followed from the time of written informed consent until 1 month after the last dose of everolimus, until early termination (voluntary patient withdrawal, clinician decision to withdraw patient on clinical grounds, patient lost to follow-up), or until the end of the study, whichever was sooner (observation period).
Primary and Secondary Endpoints
The primary endpoint of this study was change in HRQoL, as assessed by the European Organization for Research and Treatment for Cancer Quality of Life Questionnaire (EORTC QLQ-C30, Global Health Status score) after 6 months of oral treatment with everolimus 10 mg o.d. compared to baseline.
The EORTC QLQ-C30 is a 30-question, self-administered questionnaire with 9 multiple-item scales, designed to assess HRQoL in oncology patients; the Global Health Status and QoL scale is one of the item scales [14] .
The secondary endpoints were changes in HRQoL using the EORTC QLQ-C30, EORTC QLQ-GI.NET21, and EQ-5D questionnaires, at approximately 1, 2, 3, 4, 5, and 6 months following everolimus initiation.
The EORTC QLQ-GI.NET21 is a 21-question, self-administered questionnaire designed to assess HRQoL in patients with gastrointestinal (GI)-related NENs, who vary in disease stage and treatments. This questionnaire has 3 multi-item symptom scales (endocrine: 3 questions, GI: 5 questions, treatment-related side effects: 3 questions), 2 single item symptoms (bone/muscle pain, concern about weight loss), 2 psychosocial scales (social function: 3 questions, disease-related worries: 3 questions), and 2 other single items (sexuality and communication) [15] .
The 6-item EQ-5D self-administered questionnaire, designed to assess health status in adults, comprises 2 distinct components: the first addresses domains of mobility, self-care, usual activity, pain/discomfort, and anxiety/depression and the second measures self-rated (global) health status using a visual analog scale [16] .
Additional secondary endpoints included: progression-free survival (PFS) on the basis of radiological and/or clinical findings assessed according to routine clinical practice at participating centers, overall survival (OS), changes in biochemical tumor markers (chromogranin A, and other makers, for example, insulin, gastrin, glucagon, as appropriate) at approximately 1, 2, 3, 4, 5, and 6 months of everolimus treatment; duration of everolimus treatment; and the overall safety and tolerability of everolimus.
Definition of Dose Changes Dose interruptions during the analysis period were defined as dose reduced to 0 mg/day for a period greater than 1 day and subsequently restarted. Dose reductions were defined as a reduction in everolimus dose from the previous cycle followed by a subsequent increase in dosage.
Data Collection
In this real-world setting, the usual standard of care was for patients to be seen monthly for the first 6 months, followed by visits approximately every 4-8 weeks. Patients completed the 3 HRQoL questionnaires at baseline, and each time they visited the clinic in the first 6 months of everolimus treatment. Completion of HRQoL questionnaires was the only study-specific procedure and data for all other study outcomes were collected as recorded in the patients' medical records at each follow-up visit.
Details of baseline patient demographic and clinical characteristics (including prior and concomitant medications and non-drug therapies [e.g., surgery, peptide receptor radionuclide therapy]) and data related to everolimus treatment, efficacy, and safety were recorded during the observation period. Data were collected from patients' medical records and entered into electronic case report forms, which were validated and reviewed for completeness and accuracy.
AEs and serious AEs (SAEs) were collected throughout the study and for 1 month after the last dose of everolimus. An AE was defined as any untoward medical occurrence in a patient included in this study. An SAE was defined as an event which was fatal or life-threatening or resulted in persistent or significant disability/incapacity or constituted a congenital anomaly/birth defect or required unplanned inpatient hospitalization or prolongation of hospitalization or was medically significant or involved transmission of infectious agent via medicinal product. AEs were coded using the medical dictionary for regulatory activities terminology and were designated as either related or unrelated to treatment by the clinical investigator. Special safety assessments (weight, blood pressure, heart rate, clinical chemistry, lipid profile, hematology, coagulation, urine analysis, and ECG assessments) were collected throughout the study, and for 1 month after the last dose of everolimus, where available.
The efficacy, safety, and treatment data were initially planned to be collected up to 36 months after everolimus initiation. However, since the primary endpoint (HRQoL assessments 6 months after initiation of everolimus) had been met and the study sample size was above the original target of 33 patients, a decision was made by the sponsor and chief investigator and the study was completed earlier than originally projected. The median time of followup was 22.0 (interquartile range [IQR] 14.5-29.5) months.
Statistical Analysis
Sample Size Sample size requirements were estimated using a normal approximation as Global Health Status QoL score is one of the relatively few scales of the EORTC QLQ-C30 that is often approximately normally distributed. No reference data for patients with advanced NETs is presented in the EORTC QLQ-C30 manual; as a consequence the reference value for "all cancer patients: recurrent/ metastatic" was used (mean Global Health Status score 56.3 [SD 25.6]) to provide an approximate comparable sample in terms of the severity of disease. It was considered that a change in score of 0.5 SD would provide a minimum value for an important patient-perceived change. Assuming an SD of 25.6, a study sample size of 30 would have 75% power and a study sample size of 40 would have 86% power to detect a change from baseline of 12.8 points in Global Health Score based on a single group t test with a 0.05 two-sided significance level. At the start of the study, a minimum sample size of 33 was planned to allow for the possibility of up to 10% of patients failing to complete the first 6 months of treatment. Sample size calculations were performed with NQuery Advisor 7.0.
Definition of Patient Populations
The safety set population was defined as all patients who received at least one dose of everolimus and had at least one postbaseline safety assessment; this population was used for analysis of everolimus exposure and safety. The full analysis set (FAS) population consisted of patients who received at least one dose of everolimus and completed at least one questionnaire in the first 6 months of treatment (post-baseline efficacy assessment); this population was used for analysis of all other study outcomes.
Data Analysis Data were analyzed using the statistical package STATA version 14 (StataCorp. LP, College Station, TX, USA). Descriptive statistics including mean (SD), median (IQR) for continuous variables, and frequencies and percentages for categorical variables are reported. The change from baseline in EORTC QLQ-C30 after 6 months of treatment with everolimus was assessed by paired t test. Changes in EORTC QLQ-C30, EORTC-QLQ-GI.NET21, and EQ-5D-5L scores from baseline at the monthly post-initiation assessment visits (Months 1, 2, 3, 4, 5, and 6) was assessed by univariate analysis of variance for repeated measures. If a significant effect across time points in the univariate analysis of variance model was observed, pairwise comparisons between baseline and the different time points were calculated using a correction factor for multiple testing (Dunnett pair-wise calculation). Results were considered significant at p ≤ 0.05.
Analysis of Time-Dependent Variables
Time-dependent variables were analyzed using the Kaplan-Meier method and reported as median 95% CI and/or estimated cumulative survival (%) at 1, 2, and 3 years following everolimus initiation. OS was defined as the time from everolimus initiation until death from any cause; patients not recorded as having died at the end of the study were censored at the last date they were known to be alive. PFS was defined as the time from everolimus initiation to disease progression (based on the investigator's assessment of the clinical and/or radiological findings) or death; patients not documented as having progressive disease or died (from any cause) were censored on the date of the last disease assessment of known severity.
The duration of everolimus treatment was defined as the time from everolimus initiation to treatment discontinuation (any temporary discontinuations were not taken into account in assessing treatment duration); patients not documented as discontinuing treatment were censored on the date they were last recorded as receiving treatment.
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Results
Patient Population and Demographics
Forty-eight patients (range 1-8 per center) met the eligibility criteria and were included in the study (online suppl. Fig. S1 ; for all online suppl. material, see www. karger.com/doi/10.1159/000497330). The study data collection period ran from August 2013 to December 2016. All 48 patients were included in the safety set population; 46 patients were included in the FAS population. Of the 48 patients in the safety set, the number of patients being observed at months 1, 2, 3, 4, 5, and 6 assessment visits were 47, 46, 43, 41, 38, and 35, respectively. Of the 46 patients in the FAS population, the number of patients being observed at months 1, 2, 3, 4, 5, and 6 assessment visits were 46, 46, 43, 41, 38, and 35, respectively. The baseline demographics and clinical characteristics of patients included in the FAS are summarized in Table 1 . The median age of patients at diagnosis was 60.0 years and at study entry was 64.3 years, 32/46 (70%) of study participants were men, and 14/46 (30%) of participants had an ECOG performance status of 0 at baseline. A total of 33/46 (72%) of patients had metastatic disease documented at baseline (online suppl. Table S1 ); 24/46 (52%) of patients had a G2 WHO 2010 tumor grading with a mean (SD) Ki67 index score of 10.4 (8.7; n = 20, online suppl. Table S2 ).
The therapies received prior to everolimus initiation are summarized in online supplementary Tables S3 and S4; 35% of patients (n = 17/48) had received only one prior anti-cancer treatment before initiation of everolimus.
Treatment with Everolimus
The mean everolimus dose in the safety set population remained relatively stable throughout months 1-6 postinitiation period (Fig. 1) .
Treatment Changes
At least one temporary dose interruption during the observation period was documented for 29/48 (60.4%) patients, with a mean of 1.4 (SD 1.6) interruptions per patient (n = 47, exposure data were not available for 1 patient) and mean duration of interruptions of 17.5 days (SD 15.8, n = 66 interruptions). At least one dose reduction was documented for 40/48 (83.3%) patients, with a mean of 2.3 (SD 1.8) reductions per patient (n = 47, exposure data were not available for 1 patient). The majority of patients had at least one change in treatment regimen (dose reductions, interruptions, and discontinuations) and the first change in treatment occurred in 24/48 (50%) of patients within 2 months of everolimus initiation (Fig. 2a) . A total of 23/48 (48%) of patients discontinued everolimus treatment during the study observation period and the most frequent reason for treatment discontinuation was AEs (11/23 [48%], online suppl. Table S5). The median cumulative treatment duration was 27.8 months (95% CI 7.8 to NR [upper CI not reached]) and the cumulative proportions of patients remaining on treatment at 1, 2, and 3 years following initiation were 63% (95% CI 47-76%), 51% (95% CI 34-65%), and 19% (95% CI 2-50%), respectively. (Table 2 ; Fig. 3 ) when all patients with paired scores were evaluated. A post-hoc analysis was carried out to evaluate changes in EORTC QLQ-C30 Global Health Status scores during the first 6 months of treatment in the subgroup of patients continuing on everolimus at month 6 (n = 30); no significant differences were observed between baseline and any assessment visit following everolimus initiation (Table 3) . In the overall sample, a significant difference from baseline in EORTC QLQ-C30 physical functioning scale score during the first 6 months of everolimus treatment was observed (online suppl. Table S6 ). In pairwise analyses, only the score at month 3 was significantly different from baseline (adjusted mean difference -8.8 [95% CI -15.1 to -2.5] points, p = 0.002). There were no significant differences in the other EORTC QLQ-C30 subscales between baseline and any assessment visit during the first 6 months of everolimus treatment (online suppl. Table S6 ).
Health-Related Quality of Life
EORTC QLQ-GI.NET 21 Score A significant difference from baseline in EORTC QLQ-GI.NET 21 disease-related worries score during the first 6 months of everolimus treatment was observed, suggesting an improvement (online suppl. Table S7 ). In pairwise analyses, the only significant differences from base- points, p = 0.017) and both were suggestive of improvement in scores. There were no significant differences in the other EORTC QLQ-GI.NET 21 subscales between baseline and any assessment visit during the first 6 months of everolimus treatment (online suppl. Table S7 ). There were no significant differences in either component of the EQ-5D-5L between baseline and any assessment visit during the first 6 months of everolimus treatment (online suppl. Table S8 ).
Progression-Free Survival and OS
Twenty patients in the FAS died or had disease progression during the study, with a median PFS (KaplanMeier analysis) of 25.1 months (95% CI 7.8 to NR [upper CI not reached]; Fig. 4a) , and the cumulative proportion of patients alive and with no evidence of disease progression was 58% (95% CI 41-72%) at 1 year, 51% (95% CI 33-66%) at 2 years, and 35% (95% CI 14-56%) at 35 months (final patient censored by 35 months).
Ten patients died during the study and the median OS was not reached (Fig. 4b) ; the cumulative proportion of patients alive was 90% (95% CI 76-96%) at 1 year, 71% (95% CI 51-83%) at 2 years, and 71% (95% CI 51-83%) at 3 years after everolimus initiation.
Safety
A total of 1,052 AEs in 48 patients were reported (716/1,052 [68.1%] grade 1/mild), with a median of 19.0 (IQR 14.0-29.5) AEs, and a maximum of 104 AEs, reported per patient. 79/1,052 (7.5%) of reported AEs were classified as serious, and 33/1,052 (3.1%) were considered events of special interest. A relationship to everolimus exposure was suspected for 468/1,052 (44.5%) reported AEs. The majority of patients who experienced a suspected related AE experienced the first suspected related AE within the first 2 months of everolimus initiation (Fig. 2b) . The most frequently reported suspected related AEs were fatigue (41 events in 24 [50.0%] patients; of these, n = 1 was grade 3/severe event), rash (28 events in 18 [37.5%] patients), and mucosal inflammation (32 events in 18 [37.5%] patients; of these, n = 5 events were grade 3/ severe; Fig. 5 ). 
Discussion
The OBLIQUE study is the first one to evaluate the impact of everolimus on HRQoL in UK patients with well differentiated, grade 1 or grade 2 PanNENs in a realworld setting. The age of patients in this study is similar to that reported in the pivotal RADIANT-3 phase III clinical trial of everolimus [9] and a recent phase IIIb study that evaluated safety and HRQoL in patients with advanced NETs treated with everolimus in an expanded access protocol [17] . About 30% of patients in our study had a performance status of 0 at baseline, which is lower than the phase III trial (67%) [9] and expanded access study (56%) [17] . This difference may reflect the real-world nature of the OBLIQUE population, with patients limited in their everyday activities to a greater extent than patients included in clinical trials.
It has been previously reported that patients with NETs have worse HRQoL compared with the general population [18] , and that treatment-related AEs are one of the factors contributing to poorer HRQoL [10] . For this reason, understanding the impact of therapies on patients' HRQoL (in addition to disease status and tumor burden) is of considerable importance and of particular relevance for everolimus, given the known potential for toxicity. All patients in the present study ex- perienced at least one AE, with a median of 19 AEs per patient during the observation period, and 45% of AEs were suspected to be related to everolimus treatment. Despite this, HRQoL was maintained during the first 6 months of treatment with everolimus, as measured by the EORTC QLQ-C30 Global Health Status score. Although a statistically significant decline in EORTC QLQ-C30 physical functioning score was observed at month 3 assessment and statistically significant declines in EORTC QLQ-GI.NET 21 disease-related worries score were observed at months 1 and 2 assessment visits, these were not sustained. The majority of patients who experienced an AE suspected to be related to everolimus experienced the first event within 2 months of initiation. Similarly, 50% of patients had a first treatment change within 2 months of initiation, which may have been related to the occurrence of AEs. Therefore, it is possible that the temporary decline in physical functioning and disease-related worries may have been related to the occurrence of treatment-related AEs and the need for dose changes. However, it should be noted that no other statistically significant differences in EORTC QLQ-C30, EORTC QLQ-GI.NET 21 or EQ-5D scores were observed during the first 6 months of everolimus treatment. Taken together these data, therefore, suggest that HRQoL remains maintained throughout the first 6 months of treatment with everolimus in patients with advanced PanNENs.
These results are consistent with those of the recently published Global Expanded Access Study where no clinically significant changes in EORTC QLQ-C30 global health status were observed during a 3-month follow-up period in 86 patients with PanNENs receiving 10 mg o.d. everolimus [17] . A further patient reported outcome study in 44 outpatients (single-center in Italy) with PanNENs receiving either no treatment, or somatostatin analogs (with or without radiometabolic therapy) showed that over a 4-month period, patients had a good physical, but impaired mental component of HRQoL [11] . Direct comparisons with our study are difficult as Pezzilli et al. [11] used different patient reported outcome instruments (and no NET-specific measure) and more than half of their patients were disease-free at the time of the study, potentially accounting for a good physical component. This study adds to the limited HRQoL data available for patients with PanNENs treated with everolimus, and addresses the need for general HRQoL and disease-specific tools to be utilized in HRQoL studies in general and in real-world settings in particular.
The majority of AEs recorded were grades 1 and 2 (non-serious), emphasizing the importance of effective toxicity management to optimize clinical benefit. No new safety signals were detected, and the safety profile of everolimus was observed to be consistent with the registration study for this population [9, 13] . Although all 48 patients experienced at least one AE, the median treatment duration was 27.8 months, suggesting that in most cases AEs were well-managed.
The median PFS of 25 months observed in the present study is considerably longer than the 11 months observed in everolimus-treated patients in the RADIANT-3 clinical trial [9] . Greater flexibility in dose modifications are possible in routine clinical practice settings and may have enabled treatment to continue for longer (median treatment duration 27.8 months in OBLIQUE vs. 9 months in RADIANT-3 [9] ). The differing definitions of PFS and more stringent assessment of tumor response in the clinical trial may also have contributed to the difference in PFS estimates between the 2 studies. Furthermore, in RA-DIANT-3, disease progression was documented formally according to RECIST at pre-specified intervals [9] whereas the definition used in this study was based on the investigator's assessment of the clinical and/or radiological findings, and all tests and assessments were in accordance with routine practice.
There were a number of limitations with this study since collection of all post-initiation data were dependent on the frequency of routine hospital visits and management, in accordance with routine practice. HRQoL questionnaires were completed by patients whenever they attended clinic and therefore there was some variability in the timing of the months 1-6 assessment visits post-initiation of everolimus, and the availability of clinical outcomes data were driven by pragmatic clinical assessments. This variability in time of reporting of questionnaires may have affected the precision of measurement of percentage changes in HRQoL scores from baseline. A number of patients discontinued everolimus treatment within 6 months of initiation, which may have led to an overestimate of Global Health Status scores at 6 months since those patients that remained in the study may be those who tolerated the drug well and had good clinical outcomes. A final limitation is that there was no control group with which to compare the results. Although patients acted as their own controls (due to the change from baseline study design), this does not allow separation of treatment effects on HRQoL from disease effects or the confounding effect on HRQoL of investigation results received that an independent control group would have DOI: 10.1159/000497330
provided. The small size of this study and the non-homogenous tumor grading are limitations and further research will be needed for a wider interpretation of these results.
Conclusions
This is the first real-world study in the UK to demonstrate that HRQoL is maintained in patients with PanNENs receiving everolimus during the first 6 months of treatment, despite the frequent occurrence of suspected related AEs and treatment changes, and supports the results from clinical trials. We also demonstrated that PFS was longer in patients treated in the real-world setting than in the phase III clinical trial, despite having poorer performance status at initiation. Since the study included patients with PanNENs recruited from a range of geographically dispersed UK centers, the results should be generalizable to the wider population of UK patients with this condition. The findings of the present study may also be relevant to the broader population of patients with NENs, although further studies are warranted to support this.
